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ABSTRACT:  Blackbutt (Eucalyptus Pilularis) is a common plantation hardwood in New South Wales 
which is highly regarded for its strength and durability but is difficult to laminate.   A method was developed 
to test Blackbutt Laminated Veneer Lumber (LVL) glue-lines for mode I fracture toughness – comparisons 
were made to similar work in the USA and Australia.   The cleavage test method is demonstrated to be more 
suitable for assessing LVL bond quality than the currently-used Australian Standard chisel test.   The test 
shows that Blackbutt veneer is capable of being glued for application as a durable structural material. 
Keywords: Cleavage Fracture, LVL, Blackbutt. 
 
1 INTRODUCTION 
Engineered timber has become more popular because its material properties are less variable than 
sawn timber and it can be sourced from younger plantation trees.   This document describes the 
development and validation of a cleavage fracture method for testing glue-lines in LVL and 
describes its advantages over the currently used chisel test.   Results from cleavage testing 
demonstrate that Blackbutt LVL can produce the reliable “A-bond” glue-line required for external 
structural applications. 
This project has examined “Laminated Veneer Lumber” (LVL) made using Blackbutt veneer 
glued with two similar adhesives.   LVL differs from plywood in that the grains of adjacent veneers 
are orientated in the same direction while those in plywood are orthogonal.   Unlike plywood, LVL 
is used for linear structural elements such as beams. 
Were Blackbutt shown to be suitable for structural laminates, considerable value would be added 
to the NSW State Forest plantation resource.   Although Blackbutt is difficult to glue because of 
naturally occurring chemicals in the wood referred to collectively as “extractives”, previous work at 
SFNSW has shown that poly-phenolic tannin glues cured with para-formaldehyde can adhere to 
Blackbutt veneers although the process requires tight control.   
The current Australian Standard method of evaluating LVL glue-lines requires the making of 
plywood specimens which are separated using a standard chisel after which the separated surfaces 
are evaluated for wood-fibre failure (the more the better).   The laminates can not be tested in their 
correct parallel orientations.    
The authors believe that fracture testing offers the following advantages over the current chisel test:   
the LVL glue-lines are tested in the orientation in which they are used, a generous set of 
quantitative data is delivered and the relative wood fibre and glue failure proportions required by 
the chisel test can still be evaluated.    The body of results emerging from the work at UNSW 
suggests that Blackbutt can be used as a durable structural LVL. 
In the past, researchers at the US department of Agriculture [Scott et al., 1992]; [River and 
Okkonen, 1993]; and at Monash University [Milner, 1996]; have used fracture mechanics to assess 
glue-lines in the larger laminates of timber “GlueLam” beams.   No specific documentation for 
fracture mechanics of LVL were found.   In order to evaluate the strong, idiosyncratic bond between 
parallel Blackbutt veneers glued with poly-phenolic adhesive, the authors found it necessary to 
modify the composite tapered cantilever mode I fracture test as described in Section 3. 
2 THEORY OF MODE I FRACTURE MECHANICS 
Timber shrinks or swells with changes in moisture content.   As veneers adjacent to the glue-line 
respond to varying moisture content, their relative movement is a significant cause of de-
lamination.   This shows up as durability failures in hardwood laminates.   US researchers [River 
and Okkonen, 1993]; described how mode I fracture testing simulates cleavage stress that develop 
in the glue-lines of timber laminates when the material shrinks and expands. 
In common with other researchers, the authors adopted the contoured double cantilever beam 
(CDCB) of [Mostovoy and Rippling, 1971]; (Figure 1) to assess the cleavage fracture toughness of 
Blackbutt LVL glue lines. 
As mentioned above, cleavage testing also provides an 
opportunity to examine the separated surfaces of Blackbutt 
veneers after fracture.   When laminates are separated by 
cleavage, the crack tip develops its own locus in the glue-line, 
whereas chisel testing can interfere with the natural path of 
failure and result in uncharacteristically high levels of wood 
fibre failure.    
As an opening load is applied to each tapered cantilever 
beam end, the glued beams are separated, and the crack 
progresses along the glue line.   The change in beam section 
either side of the crack tip results in a change in stiffness 
which compensates for the change in lever arm to yield a 
constant value of separating effort for all crack lengths over a 
certain range.   The relationship between applied load and 
crack opening displacement dP/d∆ defines the system stiffness 
(M).   Compliance (C), is the inverse of stiffness (M), where 
C = 1/M.   The characteristic change in compliance per unit of crack length is constant when 
cantilever beams are appropriately contoured, – it is expressed as dadC / .   The change in 
compliance with respect to change in crack length relationship ( dadC / ) is used in the expression 
for fracture toughness below:  
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  Eqn 1. 
where: 
ICG    is critical (relating to cP ) mode I fracture toughness (J/m
2). 
cP    is the critical load which is the magnitude of applied load at the instant of crack tip  
propagation (N). 
t    is the fracture specimen width (m). 
dadC /    is the compliance constant (N-1) 
 
The value for dadC /  is determined experimentally for each CDCB system.   Precedents for the 
use of cleavage fracture to assess glue lines in timber were established by [Scott et al., 1992]; and 
[River and Okkonen, 1993].   The former bonded two-ply laminated timber strip specimens to 
aluminium cantilevers while the latter glued the specimens to timber cantilevers.    
[River and Okkonen, 1993]; also highlighted the importance of maintaining a linear dadC /  
relationship for such composite CDCB systems and published a method for testing the linearity of 
dadC /  which is referred to as “compliance calibration” and is adopted in this work. 
P
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Figure 1:  Contoured double cantilever 
beam system for mode I fracture testing. 
3 METHOD 
3.1 Modified cantilever for LVL fracture test specimen 
Mode I fracture testing was used to simulate the cleavage stress fields that develop in LVL 
assemblies.   Due to difficulties in bonding LVL to aluminium and wood cantilevers, a new 
technique was trialed in which the aluminium beams were recess-milled to a depth of 2mm thus 
providing a lip for increased surface area and a shear component to the aluminium-wood bond 
(Figure 2).    
This technique proved successful since fracture occurred in 
the glue-line between timber veneers over the full length of 
LVL specimen without failure of the aluminium to wood 
bond.    
3.2 Compliance calibration for modified cantilever 
specimen 
The assembly of recess-milled, contoured aluminium 
cantilevers bonded to a Blackbutt LVL strip produced a 
specimen (Figure 3) which was tested for linearity of the 
compliance to crack length relationship ( dadC / ).    
The procedure in [River and Okkonen, 1993]; was carried 
out.   For each 10mm increment in crack length, the beam 
ends were loaded to above 200N then unloaded.    Increments 
in crack length were achieved using a simulated crack made 
by cutting along the LVL glue-line with a band saw.    Figure 
4 shows a fracture specimen being calibrated for compliance 
where markings define the crack length increments. 
Compliance values are determined from 
load displacement curves for each crack 
length.   Each compliance value is plotted against it’s corresponding crack length and a line of best 
fit describes a gradient which defines the value of dadC /  with units N-1.  
3.3 Mode I fracture test procedure 
The CDCB ends were separated at a constant rate of 0.5 mm/minute to maintain equilibrium during 
each short fracture propagation.     The crack tip progressed smoothly in the LVL glue-line after 
Figure 2:  Recess milled contoured 
cantilever beam for more effective 
bonding to LVL strip specimen. 
Crack Opening 
Displacement (Delta ∆)P
P
Figure 4:  Recessed composite CDCB fracture test specimen 
being calibrated for linearity of compliance to crack length 
relationship also referred to as compliance calibration. 
Figure 3:  Recessed aluminium CDCB bonded 
to Blackbutt LVL strip showing the crack 
opening displacement dimension also referred 
to as delta.. 
being initiated at a small Teflon strip.   The opening force was continuously sampled at a rate of 
11hz.   Force readings obtained were plotted against crack opening displacement (delta in Figure 3) 
for each glue-line fracture test (Figure 7 shows a typical load-delta curve).   The relationship 
between glue-line fracture toughness and separating load on the double cantilever is given in Eqn 1. 
After testing a series of specimens, the separated faces from each glue-line were digitised using a 
scanner after which, image manipulation software was employed to determine the proportion of 
wood-fibre failure.   This technique was seen as an improvement over the subjective estimates of 
wood fibre failure prescribed by the standard chisel test. 
4 RESULTS AND DISCUSSION 
4.1 Compliance Calibration 
The plot of all compliance values against their 
corresponding crack lengths determined from the 
calibration procedure is shown with a line of best 
fit in Figure 5.   The fitted line gradient is 0.1916 
with units (mm/(Nx10-4)/mm) which means that  
dadC /  = 1.916 (x10-5 N-1).   The coefficient of 
fit for the line is R2=0.98, which indicates the 
dadC /  relationship is highly linear.    
4.2 Fracture Test Data and Interpretation 
Fracture toughness for wood bonds are more 
commonly determined from laminates prepared with 
an inclined grain in each ply.   The crack propagates 
within the glue and tends to result in a jagged load-
delta curve similar to Figure 6 where propagation and 
arrest events are clearly defined and separated.   
Propagation energy is used as a measure of laminate 
fracture toughness and the difference between 
propagation and arrest energy defines the crack 
stability index.   A larger index indicates faster and 
less stable crack growth.   When wood fibre failure 
occurs, propagation and arrest loads are closer 
together.   Such a pattern is characteristic of more 
stable crack growth.    
Because the grains in adjacent veneers of 
Laminated Veneer Lumber are parallel, there is 
no inclination of wood grain to the bond line.   
All LVL specimens tested displayed wood fibre 
failure to some extent.   A typical load-delta 
curve for a two-ply Blackbutt LVL fracture 
specimen is shown in Figure 7.   Propagation 
and arrest events are very difficult to define.   
Fracture is seen to be stable with many small 
fracture events over time and a relatively slow 
crack growth rate. 
In general, the authors found propagation 
and arrest loads to be indiscernible in LVL 
fracture curves.    To determine fracture 
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Figure 5:  Linear fitted line to calibration data 
demonstrates a good fit with R2 = 0.98 
Figure 6:  Relationship between load 
and crack opening displacement (delta) 
for composite CDCB fracture test, after 
[Scott et al., 1992]. 
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Figure 7:  Typical Load - Delta Curve for Blackbutt 
LVL Fracture Specimen, showing slow undulations in 
fracture energy and little evidence of individual fracture 
propagation events. 
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toughness from fracture load data, it was decided to use all recorded load readings over a range 
unaffected by the large crack initiation values and anomalous readings caused by a hinging effect 
towards the end of the test (Figure 8).    
Fracture toughness was calculated for all force 
readings over this range and presented as a box 
plot of fracture toughness values.   To obtain a 
consistent sample for comparison, the range 
that was selected contained the same number of 
points for all tests examined in the series. 
The fracture toughness of each test was 
presented as a box plot of readings over a 
subset of the anomaly-free range (Figure 9).   
The subset size was determined by the full length of 
the anomaly free range observed in the shortest test 
in a series.   For each test a subset was carefully 
selected to include an even balance of higher and lower values to reflect the statistical qualities of 
the anomaly free range.   Box plots have a capacity to represent data independently of resemblance 
to statistical distributions.   Unlike mean and variance, a box plot can represent median and spread 
unaffected by outliers while still 
recognising them.   Consequently, the box 
plot was seen as an appropriate statistical 
tool for presenting and analysing fracture 
toughness data.    
Because of a linear dadC /  relationship, 
a horizontal curve indicates consistent 
fracture toughness.   If fracture toughness 
increases or decreases as the crack tip 
propagates then the corresponding box plot 
of selected data reflects the trend by 
showing statistical information such as 
median, fourth spread, upper and lower 
bounds and outliers.   An example of both 
the shortest test duration in a series, and 
consistent fracture toughness is shown in 
Figure 10 and the corresponding box plot in 
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Figure 8:  Correspondence of fracture data zones 
with the crack tip position in a specimen. 
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Figure 9:  Load delta curve where the anomaly free 
range is between the circles and the selected range is 
between the triangles. 
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Figure 10:  Load delta curve where the highlighted portion is 
the anomaly free range which is also equal in size to the 
selected range. 
Figure11 has a squashed appearance. 
In contrast to the consistent pattern of Figure 10, 
a rising or falling fracture toughness was 
commonly encountered.   An extreme case of 
decreasing fracture toughness is shown in Figure 
12 where it was difficult to determine the anomaly 
free range.   The range length defined in Figure 10 
is shown between the post crack initiation point 
and the end in Figure 12. 
A box plot of the highlighted segment in Figure 
12 is shown in Figure 13 - both the outer bounds 
and fourth spread are extensive.   It is also of 
interest in Figure 13 that the median is skewed 
toward the top end while the load -delta curve in 
Figure 12 appears to steadily decline.   The likely cause is a bump in the load delta curve which is 
visible toward the top of the selected range in Figure 12. 
4.3 Fracture Toughness and Wood Fibre Failure 
One interesting trend that emerged from the project’s work with two similar adhesives was that the 
adhesives were found to possess different mechanisms of fracture.   One adhesive yielded lower 
levels of wood fibre failure and yet higher levels of fracture toughness.   This finding is inconsistent 
with the evaluation criteria of the chisel test which requires high wood fibre failure to pass. 
5 CONCLUSION 
The compliance calibration procedure of [River and Okkonen, 1993]; yielded an acceptably linear 
relationship (R2=0.98) of dadC /  suggesting that the composite CDCB system of Blackbutt LVL 
and recessed aluminium beams is capable of producing genuine fracture toughness data. 
The recessed aluminium –Blackbutt system used in this work showed a dadC /  of 1.9 (x10-5N-1).  
This is within the dadC /  range reported by [Scott et al., 1992]; for composite timber - aluminium 
CDCB systems (1.2 to 2.9 x10-5N-1 for various laminate heights).    
This work found that Blackbutt LVL most commonly exhibits fracture toughness in the range 
from 800 to 1000 J/m2 .   The values are higher than those reported by [River and Okkonen, 1993]; 
(from 120 J/m2 for “weak” yellow birch bonds, up to 416 J/m2 for a “strong” bond using polyamine 
modified urea-formaldehyde resin). 
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Figure 11:  Box plot of fracture toughness 
calculated from the highlighted load data in 
Figure 10. 
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Figure 12:  Specimen exhibiting rapid decrease in 
fracture toughness indicative of unstable fracture. 
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Figure 13:  Box plot of fracture toughness 
calculated from the highlighted load data in 
Figure 12. 
Despite some patterns of low wood-fibre failure that the current Australian Standard LVL bond 
test would condemn, the values and distributions of glue line fracture toughness resulting from this 
testing compared favourably with results of other work [Scott et al., 1992]; and [River and 
Okkonen, 1993]; and suggests that even high-extractive Blackbutt veneers can be bonded for LVL.    
The authors believe that cleavage fracture has provided a new insight into the behaviour of this 
material – the results suggest that Blackbutt LVL made under controlled conditions can show 
acceptable durability for structural applications.   Field durability trials are now under way. 
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